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CURRENT NACA REPORTS

NACA Rept. 1002

ON THE THEORY OF OSCILLATING AIRFOILS OF
FINITE SPAN IN SUBSONIC COMPRESSIBLE
FLOW. Eric Reissner, Massachusetts Institute of

Technology. 1950. ii, 9p. (NACA Rept. 1002.

Formerly TN 1953)

The problem of the oscillating lifting surface of

finite span in subsonic compressible flow is reduced
to an integral equation, which is approximated by a
simpler expression, on the basis of the assumption
of sufficiently large aspect ratio. Thus the double
integral occurring in the formulation of the problem
is reduced to two single integrals, one of which is

taken over the chord and the other over the span of

the lifting surface. By this reduction the three-
dimensional problem appears separated into two
two-dimensional problems, one being effectively the
problem of two-dimensional flow and the other the

problem of spanwise-circulation distribution.

NACA Rept. 1003

CORRELATION OF PHYSICAL PROPERTIES WITH
MOLECULAR STRUCTURE FOR SOME DICYCLIC
HYDROCARBONS HAVING HIGH THERMAL-
ENERGY RELEASE PER UNIT VOLUME. P. H.

Wise, K. T. Serijan and I. A. Goodman. 1951. ii,

lOp. diagrs., 3 tabs. (NACA Rept. 1003. Formerly
TN 2081)

Physical properties of some 1,1-dicyclohexylalkane,

a,w-dicyclohexylalkane, 2-n-alkylbiphenyl, 1,1-

diphenylalkane, and a,w-diphenylalkane hydrocar-
bons were determined. For the three aromatic se-

ries, as chain length of the substituent alkyl group
is increased: 1. net heat of combustion per unit vol-

ume increased 2. melting point was generally lower
3. boiling point and viscosity increased uniformly.

Similar changes were noted for the saturated com-
pounds. Comparison of saturated hydrocarbons
with the corresponding aromatic
hydrocarbons showed: 1. net heat of combustion was
about 7 percent lower 2. melting point was gener-
ally lower 3. boiling point was a few degrees lower

4. viscosity was higher.

NACA Rept. 1005

ANALYTICAL DETERMINATION OF COUPLED
BENDING-TORSION VIBRATIONS OF CANTILEVER
BEAMS BY MEANS OF STATION FUNCTIONS.
Alexander Mendelson and Selwyn Gendler. 1951.
ii, 20p. diagrs., 10 tabs. (NACA Rept. 1005. For-
merly TN 2185)

A method based on the concept of Station Functions

is developed for calculating the modes and the fre-

quencies of nonuniform cantilever beams vibrating

in torsion, bending, or coupled bending-torsion mo-
tion. Deflections are obtained in terms of phys-

ical properties of the beam and Station Numbers,
which are general in nature and which are tabulated

for a number of stations ranging from one to eight.

Examples are worked out in detail; comparisons

are made with exact theoretical and with experimen-

tal results. For n stations along the beam, the

first n-1 modes and frequencies were in good

agreement with theoretically exact values. It is

shown that the effect of coupling between bending
and torsion is to reduce the first natural frequency
to a value below that which it would have if there

were no coupling.

NACA Rept. 1006

ANALYSIS OF THRUST AUGMENTATION OF TUR-
BOJET ENGINES BY WATER INJECTION AT COM-
PRESSOR INLET INCLUDING CHARTS FOR CAL-
CULATING COMPRESSION PROCESSES WITH
WATER INJECTION. E. Clinton Wilcox and Arthur

M. Trout. 1951. ii, 20p. diagrs. (NACA Rept.

1006. Formerly TN 2104; TN 2105)

A psychrometric chart having total pressure (sum
of partial pressures of air and water vapor) as a

variable, a Mollier diagram for air saturated with

water vapor, and charts showing the thermodynamic
properties of various air-water vapor and exhaust

gas-water vapor mixtures are presented as aids in

calculating the thrust augmentation of a turbojet

engine resulting from the injection of water at the

compressor inlet. Curves are presented that show
the theoretical performance of the augmentation
method for various amounts of water injected

and the effects of varying flight Mach number, alti-

tude, ambient-air temperature, ambient relative

humidity, compressor pressure ratio, and inlet -

diffuser efficiency. Numerical examples, illus-

trating the use of the psychrometric chart and the

Mollier diagram in calculating both compressor in-

let and compressor outlet conditions when water is

injected at the compressor inlet, are presented.

NACA TN 2409

SUMMARY OF METHODS FOR CALCULATING
DYNAMIC LATERAL STABILITY AND RESPONSE
AND FOR ESTIMATING LATERAL STABILITY
DERIVATIVES. John P. Campbell and Marion O.

McKinney. July 1951. 97p. diagrs., 2 tabs.

(NACA TN 2409)

A summary of methods for making dynamic lateral

stability and response calculations and for estimat-
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ing the aerodynamic stability derivatives required
for use in these calculations is presented. The
processes of performing calculations of the time
histories of lateral motions, of the period and damp-
ing of these motions, and of the lateral stability

boundaries are presented as a series of simple
straightforward steps. Existing methods for esti-

mating the stability derivatives are summarized and,

in some cases, simple new empirical formulas are
presented. Detailed estimation methods are
presented for low-subsonic-speed conditions but only

a brief discussion and a list of references are given

for transonic- and supersonic-speed conditions.

NACA TN 2417

PRELIMINARY STUDY OF STABILITY OF FLOW
FROM TWO DUCTS DISCHARGING INTO A
COMMON DUCT. Albert I. Bellin, D. Richard
Messina and Paul B. Richards, Harvard University.

July 1951. 33p. diagrs., photos. (NACA TN 2417)

The instability of flow from two ducts that join into a

common duct and the influence of the various param-
eters upon the phenomenon were investigated. A
two-dimensional potential analysis was carried out

under the assumption that the two ducts discharge in-

to a region of constant pressure. A unique solution

exists if a Joukowski hypothesis is imposed; also,

the flow is stable with respect to small changes in

the physical parameters. This was confirmed by
experiments with a two-dimensional water table.

The problem was reconsidered with the assumption
of mixing between the jet from the two ducts and the

surrounding fluid in the common duct to

explain the oscillations and asymmetries of flow for

actual symmetric duct configurations.

NACA TN 2422

STUDY OF CHROMIUM-FRIT-TYPE COATINGS FOR
HIGH-TEMPERATURE PROTECTION OF MOLYB-
DENUM. D. G. Moore, L. H. Bolz, J. W. Pitts and
W. N. Harrison, National Bureau of Standards. July

1951. 39p. diagrs., photos., 9 tabs. (NACA TN 2422)

A number of chromium -frit-type coatings bonded to

molybdenum specimens by firing in controlled at-

mospheres at 2400° to 2700° F were studied. Dura-
bility of the coatings was principally determined by

oxidation tests under load at 1500° to 1800O F and by

flame tests at 2000° to 3000° F. Results indicate

that these coatings may be of practical use at elevat-

ed temperatures where long time protection is non-

essential or at low temperatures where loading is

such that creep rates will be moderate.

NACA TN 2423

THEORETICAL AERODYNAMIC CHARACTER-
ISTICS OF BODIES IN A FREE-MOLECULE-FLOW
FIELD. Jackson R. Stalder and Vernon J. Zurick.
July 1951. 40p. diagrs. (NACA TN 2423)

An analytic investigation is made of the aerodynam-
ic coefficients of a flat plate, cylinder, sphere, and
cone located in a free-molecule-flow field. Calcu-
lations were made for values of molecular speed
ratio (ratio of stream speed to most probable mo-
lecular speed) ranging from to 20. The case of

a cone is treated in detail for cones with semivertex
angles varying from 2.5° to 30°, and for angles of

attack varying from 0° to 60°. The majority of the

calculations are performed for two types of molecu-
lar reflection, specular and diffuse. A third type of

molecular reflection is hypothesized in order that

free-molecule flow can be compared with high speed
continuum flow.

NACA TN 2427

AN INVESTIGATION OF AIRCRAFT HEATERS.
XXXV - THERMOCOUPLE CONDUCTION ERROR
OBSERVED IN MEASURING SURFACE TEMPER-
ATURES. L. M. K. Boelter and R. W. Lockhart,

University of California. July 1951. 34p. diagrs.,

photos., tab. (NACA TN 2427)

Errors in measuring the temperature of a plate in an

air stream due to heat transfer between stream and

plate along the thermocouple wires are experiment-

ally investigated and analytically predicted. Elec-

trical insulation has little effect on the thermocouple
error, but the error is reduced if the wires a.re in

thermal contact with the plate for 4 inches before

passing through the fluid.

NACA TN 2430

SYNTHESIS, PURIFICATION, AND PHYSICAL
PROPERTIES OF HYDROCARBONS OF THE
NAPHTHALENE SERIES. I - 1 -METHYL-
NAPHTHALENE, 1-ETHYLNAPHTHALENE,
1-BUTYLNAPHTHALENE, AND 1-ISOBUTYL-
NAPHTHALENE. Harold F. Hipsher and Paul H.
Wise. August 1951. 19p. diagrs., tab. (NACA TN
2430)

The synthesis, purification, and several physical
properties of four 1-alkylnaphthalenes are de-
scribed. In each case, the hydrocarbon was synthe-

sized from 1-naphthylmagnesium bromide by well-
known methods. The final hydrocarbons were puri-
fied by fractional distillation to obtain a final product
with a calculated purity higher than 99 mole percent.

The physical properties, determined for material

having a calculated purity of 99.8 mole percent or

higher, include melting point, boiling point,

index of refraction, density, kinematic viscosity at

four temperatures, heat of fusion, and heat of com-
bustion. Time -temperature melting curves and
infrared spectra are presented.

NACA TN 2431

SKIN FRICTION OF INCOMPRESSIBLE TURBULENT
BOUNDARY LAYERS UNDER ADVERSE PRESSURE
GRADIENTS. Fabio R. Goldschmied. August 1951.

65p. diagrs. (NACA TN 2431)

Experimental data for skin friction of turbulent
boundary layers under adverse pressure gradient
are presented from several sources. Data obtained
by momentum balance are shown to follow a trend
opposite to that of data obtained by hot-wire and heat-
transfer methods. A new integral energy parameter
and a new momentum thickness are introduced. The
momentum equation and total-head measuring tech-
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niques are discussed in relation to skin-friction

computation.

NACA TN 2438

HEAT TRANSFER TO BODIES IN A HIGH-SPEED
RAREFIED-GAS STREAM. Jackson R. Stalder,

Glen Goodwin and Marcus O. Creager. August 1951.

25p. diagrs., tab. (NACA TN 2438)

The equilibrium temperature and heat-transfer co-
efficients for transverse cylinders in a high-speed
stream of rarefied gas were measured over a range
of Knudsen numbers from 0.025 to 11.8 for Mach
numbers from 2.0 to 3.3. Fully developed free-
molecule flow was found to first occur at Knudsen
numbers of approximately 2.0. The Nusselt number
was found to be a function of the Reynolds number
only, and the temperature-recovery factor to depend
primarily on the Knudsen number.

NACA TM 1293

APPROXIMATE METHOD OF INTEGRATION OF
LAMINAR BOUNDARY LAYER IN INCOMPRESS-
IBLE FLUID. (Priblizhennyi Metod Integrirovania

Uravnenii Laminarnogo Pogranichnogo Sloia v

Neszhimaemom Gaze). L. G. Loitsianskii. July

1951. 21p. diagrs. (NACA TM 1293. Trans, from
Prikladnaya Matematika i Mekhanika, v. 13, no. 5,

Oct. 1949, p.513-525).

A method is given for the approximate solution of

the equations of the two-dimensional laminar bound-
ary layer in an incompressible fluid. The method
is based on the use of a system of equations of

successive moments that is easily solved for simple
supplementary assumptions. The solution obtained
is given in closed form by simple formulas and is

claimed to be no less accurate than the complicated
solutions previously obtained, which were based on
the use of special classes of flows.

NACA TM 1302

STABILITY OF THE CYLINDRICAL SHELL OF
VARIABLE CURVATURE. (Stabilitat der
Zylinderschale veranderlicher Krummung). K.
Marguerre. July 1951. 64p. diagrs. (NACA TM
1302. Trans, from Zentrale fur wissenschaftliches

Berichtswesen der Luftfahrtforschung, Berlin.

FB 1671, September 16, 1942).

The report is a first attempt to devise a calculation

method for representing the buckling behavior of

cylindrical shells of variable curvature. The prob-
lem occurs, for instance, in dimensioning wing
noses, the stability behavior of which is decisively

influenced by the variability of curvature. The
calculation is made possible by simplifying the sta-

bility equations (permissible for the shell of small
curvature) and by assuming that the curvature l/R as

a function of the arc length s can be represented by

a very few Fourier terms. The formulas for

the special case of an ellipse-like half oval with an
axis ratio 1/3 = € = 1 under compression in longitu-

dinal direction, shear, and a combination of shear
and compression were evaluated. However, the

results can also be applied approximately to an un-
symmetrical oval-shell segment under compression,
shear, and bending so that the numerical values con-
tained in the diagrams 10 to 12 represent directly

dimensioning data for the wing nose.

RECLASSIFIED NACA REPORTS

NACA RM A6K15

AN INVESTIGATION OF THE LOW-SPEED STA-
BILITY AND CONTROL CHARACTERISTICS OF
SWEPT-FORWARD AND SWEPT-BACK WINGS IN
THE AMES 40- BY 80-FOOT WIND TUNNEL.
Gerald M. McCormack and Victor I. Stevens, Jr.

June 10, 1947. 172p. diagrs., photos., 2 tabs.

(NACA RM A6K15) (Reclassified from Restricted,

7/3/51)

An investigation was made at large scale of the

characteristics of wings swept ±45°, ±30°, and 0°.

Each wing was investigated with partial-span and
full-span flaps and with split -flap-type ailerons. Pri-

mary problems accompanying the use of sweep as

revealed by the investigation were the loss in maxi-
mum lift, the high effective dihedral, and the sharp

reduction in lateral -control effectiveness. Results

were compared with the simplified theory for the ef-

fect of sweep and with existing small-scale data.

NACA RM A7H13

AN INVESTIGATION OF THE EFFECT OF TIP
SHAPE ON THE LOW-SPEED AERODYNAMIC
CHARACTERISTICS OF LARGE-SCALE SWEPT
WINGS. Walter C. Walling. November 13, 1947.

18p. diagrs., photos. (NACA RM A7H13)
(Reclassified from Restricted, 7/3/51)

A 45° sweptforward large-scale wing and a 4C°
sweptback large-scale wing were tested to deter-
mine the effect of four various tip shapes on longi-

tudinal aerodynamic characteristics. The results

show little tip-shape effect.

NACA RM A9D29

EFFECTS OF SEVERAL LEADING-EDGE MODIFI-
CATIONS ON THE STALLING CHARACTERISTICS
OF A 45° SWEPT-FORWARD WING. Gerald M.
McCormack and Woodrow L. Cook. June 14, 1949.

46p. diagrs., photo., tab. (NACA RM A9D29)
(Reclassified from Restricted, 7/3/51)

An investigation was conducted in the Ames 40- by
80 -foot wind tunnel to determine the effects of

several leading-edge modifications on the maximum
lift and pitching-moment characteristics of a 45°

sweptforward wing. The modifications investigated

were plain leading-edge flaps and a cambered nose
of varying spanwise extent. These were primarily
intended to control the leading-edge type of separa-
tion which previously had been found to cause more
serious effects on lift and pitching moments than

did an earlier occurring turbulent separation.
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NACA RM E7C05a

PERFORMANCE OF A MIXED-FLOW IMPELLER
IN COMBINATION WITH A SETVHVANELESS DIF-
FUSER. Eugene B. Laskin and Milton G. Kofskey.
April 4, 1947. 17p. diagrs., photos. (NACA
RM E7C05a) (Reclassified from Restricted, 7/3/51)

Tests were conducted to determine the range of tip

speeds over which adequate adiabatic efficiency

could be obtained and to determine whether the dif-

fuser was matched with the impeller. The investi-

gation of the mixed-flow impeller and the semivane-
less diffuser was made over a range of equivalent

impeller tip speeds of 682 to 1740 feet per second;

tests of the impeller with a vaneless diffuser were
confined to a range of equivalent tip speeds of 682
to 1546 feet per second with ambient inlet air.

NACA RM L7H04

AERODYNAMIC LOAD MEASUREMENTS OVER
LEADING-EDGE AND TRAILING-EDGE PLAIN
FLAPS ON A 6-PERCENT THICK SYMMETRICAL
CIRCULAR-ARC AIRFOIL SECTION. William J.

U.iderwood and Robert J. Nuber. October 22, 1947.

43p. diagrs., photos., 2 tabs. (NACA RM L7H04)
(Reclassified from Restricted, 7/3/51)

An investigation was made in the Langley two-
dimensional low-turbulence tunnel at a Reynolds
number of 2.1 million to determine the aerodynamic
loads and moments over a 15-percent-chord
drooped-nose flap and a 20-percent-chord plain

trailing-edge flap on a 6-percent -thick symmetrical
circular-arc airfoil section. Airfoil lift, flap,

normal -force, flap chord-force, and flap hinge -

moment characteristics were determined for var-
ious deflections of the flaps either individually or in

appropriate combinations.

NACA RM L7H11

EFFECT OF CHORDWISE VANES ON AMPLITUDE
OF TAIL BUFFETING. Allen R. Stokke. November
10,1947. lOp. diagrs., photos. (NACA RM L7H11)
(Reclassified from Confidential, 7/3/51)

Flight tests have been made with a P-51D airplane
to determine the effect of chordwise vanes on the

amplitude of tail buffeting. The tests made during
abrupt pull-ups to the buffeting boundary included
strain measurements on wing and tail and tuft stud-

ies over the wing. The tests covered a Mach num-
ber range of from 0.40 to 0.75 at a pressure altitude

of 30,000 feet and were made with and without vanes.

The results indicate that the vanes tested have no

appreciable effect on the amplitude of tail buffeting.

NACA RM L7H12

THE EFFECTS OF REYNOLDS NUMBER ON THE
APPLICATION OF NACA 16-SERIES AIRFOIL
CHARACTERISTICS TO PROPELLER DESIGN.
Harold E. Cleary. October 6, 1947. 15p. diagrs.

(NACA RM L7H12) (Reclassified from Restricted,

7/3/51)

An analysis has been made of airfoil data taken on
several NACA 16-series propeller airfoils. This
analysis has shown that the combined effects of

Reynolds number changes and variations in airfoil

characteristics resulting from differences in models
and tunnels are such that when 5-inch-chord and 12-

inch-chord data are applied to full-scale propeller

design at or near the design condition, differences

of less than 1 percent in efficiency will be involved.

NACA RM L7H19

LANGLEY FULL-SCALE-TUNNEL INVESTIGATION
OF THE MAXIMUM LIFT AND STALLING CHAR-
ACTERISTICS OF A TRAPEZOIDAL WING OF
ASPECT RATIO 4 WITH CIRCULAR-ARC AIRFOIL
SECTIONS. Roy H. Lange. October 17, 1947. 28p.

diagrs., photos. (NACA RM L7H19) (Reclassified

from Restricted, 7/3/51)

Results are given of an investigation at high

Reynolds numbers and low Mach numbers to deter-

mine the maximum lift and stalling characteristics

of a trapezoidal wing of aspect ratio 4 with 10 per-

cent thick, circular-arc airfoil sections. Tests in-

cluded measurements of the lift, drag, and pitching-

moment coefficients of the basic wing and the wing

with 0.20-chord drooped-nose and trailing-edge

flaps deflected both alone and in various combina-

tions. Scale effects were investigated at Reynolds

numbers ranging from 3.27 x 106 to 7.67 x 106 .

BRITISH REPORTS

N-4493*

Aeronautical Research Council (Gt.Brit.)

COCKPIT LIGHTING: A GENERAL SURVEY OF
THE PRINCIPLES AND TECHNIQUES, WITH PAR-
TICULAR REFERENCE TO THE DEVELOPMENT
OF THE DUAL SYSTEM. E. S. Calvert. 1951.

39p. diagrs., photos. (ARC CP 36; ARC 13,409.

Formerly RAE EL. 1472; RAE Monograph 2.3.01)

This monograph is divided into three sections; the

first deals with the properties of the dark adapted
eye and the rules derived from them, the second
with the layout of the cockpit with particular ref-

erence to the Dual System, and the third with the

historical development of the techniques used for

the lighting of the cockpit.

N-8554*

Royal Aircraft Establishment (Gt.Brit.)

THE PROCESS OF DEFORMATION AND WORK-
HARDENING UNDER FATIGUE STRESSES. P. J. E.

Forsyth. March 1951. 18p. diagrs., photos. (RAE
Met.66)

Further observations on the effect of fatigue

stresses on metals have established the nature of

the metallographic changes leading to crystallite

formation. This crystal breakdown has been consid-

ered to be a form of polygonization occurring at
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room temperature in regions of marked lattice cur-

vature. It seems probable that the initial cracks
start at crystallite boundaries, although this is hard
to verify experimentally.

N-8560*

Aeronautical Research Council (Gt.Brit.)

INFLUENCE OF VARIABLE SPECIFIC HEATS ON
THE HIGH-SPEED FLOW OF AIR. J. Kestin. June

6, 1950. 22p. diagrs. (ARC CP 33; ARC 13,176)

With increasing Mach numbers and stagnation tem-
peratures in aerodynamic and gas turbine problems,
the error caused by using constant specific heats

increases and becomes significant. An analysis of

this error in relation to the fundamental tempera-
ture - Mach number relationship for steady and ad-
iabatic air flow is given. The variation of specific

heats, or their ratio, with temperature, can be ac-
counted for in calculations if based on existing

tables of thermodynamic properties of air. Tables
of temperature variation with Mach number and
stagnation temperature are given and the deviation

from the equation stipulating constant specific heats

is analyzed.

N-8561*

Aeronautical Research Council (Gt.Brit.)

WIND TUNNEL TESTS ON A GRIFFITH METEOR
MODEL (WITHOUT SUCTION). D. A. Clarke. 1951.

18p. diagrs., 3 tabs. (ARC CP 37; ARC 10,303.

Formerly RAE Aero 2168)

Tests were made on a 1/7.5 scale model of the

Meteor with Griffith wing without suction in the High

Speed Wind Tunnel. Lift, pitching moment, rolling

moment were measured at incidences up to the stall,

at aileron angles up to 14°. A Reynolds number

range of 1.2 x 106 to 4.6 x 106 was covered at Mach
numbers not greater than 0.2. The maximum lift

coefficient was 1.08 at R = 4.4 x 106 . This is nearly

0.2 higher than the value measured on the Meteor I.

Aileron control was good. No bad trim or stability

changes were found.

N-8562*

Aeronautical Research Council (Gt.Brit.)

TESTS ON A.W. APOLLO (BRAB nB) IN THE
N.P.L. COMPRESSED AIR TUNNEL. C. Salter,

C. J. W. Miles and P. S. Pusey. December 22, 1949.

36p. diagrs. (ARC CP 40; ARC 12,823)

Describes results of tests on a 1/25-scale model
up to a Reynolds number of 5 millions. The investi-

gation covered the effect of slotted flaps, elevators,

tail plane, body-wing fillets and freely rotating air-

screws. Except for those cases where the flap set-

ting was 32° a general tendency was found for a

large decrease in the slope of the lift curve at an

angle of incidence considerably lower than that cor-

responding to Ci_,max . Values found for CLmax
were disappointingly low and none of the changes of

body-wing fillets or alterations of flap shapes or

angles led to any appreciable increase.

N-8563*

Aeronautical Research Council (Gt.Brit.)

TESTS ON THE EFFECT OF INCIDENCE ON SOME
PRESSURE HEADS AT HIGH SUBSONIC SPEEDS.
E. W. E. Rogers and C. J. Berry. July 21, 1950.

13p. diagrs. (ARC CP 41; ARC 13,263)

Tunnel measurements show that up to at least

M = 0.75 the loss in total head on a Venturi shroud-
ed pitot was less than 0.5 percent for incidences up
to about 40°. This compares with a limit of 9° at

M = 0.7 to 0.85 for 0.5 percent loss on the pitot sec-
tion of a standard Mk. VHIA instrument and 17° at

M = 0.7 to 0.9 on the small pitot heads in general
use in the N.P.L. high speed tunnels. The incidence

limit for the static side of the Mk. VHIA instrument
was about 7°, compared with 5° for the standard
tunnel static tube.

N-8565*

Royal Aircraft Establishment (Gt.Brit.)

THE DETERMINATION OF WATER IN KEROSINE.
T. R. F. W. Fennell. March 1951. 10p., 3 tabs.
(RAE Tech. Note Chem.1146)

The determination of the water contents of kerosene
samples was required as part of an investigation
into the problem of the clogging of fuel filters by
ice crystals in engines using kerosene fuels. The
method employed, involving titration with Karl
Fischer reagent, is described and the results are
discussed from the analytical point of view. Some
of the factors affecting the total water content are
noted and alternative methods of determination of
water in kerosene discussed in the light of these ob-
servations.

N-8566*

Royal Aircraft Establishment (Gt.Brit.)

ELECTROCHEMICAL MEASUREMENTS ON CLAD
ALUMINIUM ALLOYS. H. C. Cocks. April 1951.

10p., tab. (RAE Tech. Note Met. 143)

This note describes the preliminary part of an at-

tempt to correlate the results of measurements of

electrode potentials of cladding and core materials
and of the corrosion currents of couples formed
from them in seawater with the results of seawater-
spray corrosion tests on the same or similar ma-
terials.

N-8567*

Royal Aircraft Establishment (Gt.Brit.)

SOLUBILITY OF GASES IN LIQUIDS USED IN AIR-

CRAFT. PART H. SOLUBILITY OF ATMOSPHER-
IC GASES, HYDROGEN AND CARBON MONOXIDE.
W. G. Glendinning and M. E. Bedwell. PART IH.

HEATS AND ENTROPIES OF SOLUTION DERIVED
FROM THE GAS SOLUBILITY RESULTS. T. P.

Hughes. February 1951. 45p. diagrs., 7 tabs.

(RAE Chem.477)

The solubility of O2, N2, H2, A, CO and CO2 in water

and in various pure organic liquids was determined
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by the method described in Part I of this report. A
method was developed for measuring solubility

where only a small quantity of solvent is available.

Entropies and heats of solution were calculated from
the solubility results. The linear relation between
AS and AH observed by Barclay and Butler is ob-
tained for various gases in individual solvents, while

C02 in various solvents gives a line of different

slope. The significance of these functional relation-

ships between AS and AH is touched upon, in partic-

ular with regard to the change of solubility of the

gases studied with temperature. It is pointed out

that the basis of Cox's vapor pressure chart derives
from the linear relation of heats and entropies of

vaporization.

N-8674*

Royal Aircraft Establishment (Gt.Brit.)

ALLOYS OF TITANIUM WITH OXYGEN AND NI-
TROGEN. D. A. Sutcliffe. March 1951. lOp.

photos., 4 tabs. (RAE Tech. Note Met. 141)

The effect of the interstitial solutes oxygen and ni-
trogen on properties of magnesium reduced titanium
was investigated. The alloys were prepared by
melting in an argon arc furnace. Tensile tests were
carried out at room temperature and 500° C. It

was not possible to prepare threaded tensile test

pieces from alloys containing more than 0.5 percent
oxygen (with 0.03 percent nitrogen) or 0.26 percent
nitrogen (with 0.24 percent oxygen). The embrit-
tling effect of oxygen and nitrogen in the alloys
tested was not so pronounced at 500° C as at room
temperature, but the increase in tensile strength at

500° C over pure titanium was not sufficient to be
of practical importance.

N-8711*

Aeroplane and Armament Experimental Establish-

ment (Gt.Brit.) FIREBRAND MK. 5. EK.742
(CENTAURUS 9). CLIMB PERFORMANCE. April

27, 1951. 8p. diagrs., 2 tabs. (AAEE Rept.

A.A.E.E./787,d, pt.ll)

At maximum continuous power, take-off weight of

15,625 lb, and 8 x 60 lb head R.P.'s carried, the

plane climbed at a maximum rate of 1950 ft/min.

It reached its service ceiling of 29,200 ft in 38 min.

At operational necessity power, take-off weight of

14,845 lb, and no external stores, the maximum rate

of climb was 2720 ft/min. It reached its service

ceiling of 29,800 ft in 28-1/2 min.

N-8745*

Aeroplane and Armament Experimental Establish-
ment (Gt.Brit.) FIREBRAND 5 EK.742
(CENTAURUS 9). FUEL CONSUMPTION AND SPE-
CIFIC AIR RANGE TESTS. May 4, 1951. lOp.

diagrs. (AAEE Rept. A.A.E.E./787,d,pt.l2)

Limited fuel consumption and specific air range
tests were made on this aircraft, incidental to engine
and oil cooling trials. It was concluded that the best

specific air range would probably be obtained under

all conditions by selecting the engine conditions with
the interconnected engine speed - boost control to
give a speed of 140 knots I.A.S. A specific air range
of at least 3.0 - 3.25 N.M.P.G. would then be expect-
ed (without external stores or with R.P.'s) at least
up to 12,000 feet.

N-8747*

Aeroplane and Armament Experimental Establish-

ment (Gt.Brit.) VARSITY T. MK.l VX.835 (2 x

HERCULES 265). MEASURED TAKE-OFF PER-
FORMANCE. May 8, 1951. 7p. diagrs. (AAEE
Rept. A.A.E.E./873, pt.10)

At a weight of 37,500 lb under I.C.A.N, standard con-

ditions, and in zero wind, the take-off performance
of Varsity VX.835 with flaps up and undercarriage

down throughout the maneuver is as follows: (1) at

the minimum practical speed, neglecting possibility

of engine failure, the distance from rest to a height

of 50 ft is 870 yd, and (2) at the recommended min-

imum speed for coping with an engine failure, the

distance from rest to a height of 50 ft is 1040 yd.

N-8751*

Aeroplane and Armament Experimental Establish-

ment (Gt.Brit.) FIREBRAND MK.5. EK. 655
(CENTAURUS 9). CHECK HANDLING TRIALS WITH
AIR/SEA RESCUE CONTAINERS FITTED. May 21,

1951. 2p. (AAEE Rept. A.A.E.E./787/d,pt.l3)

The handling characteristics of the Firebrand Mk.5
carrying two type 'G' Air/Sea Rescue containers

were indistinguishable from those when carrying
other underwing stores and may be cleared as far as
handling characteristics are concerned up to 300
knots I.A.S.

N-8752*

Royal Aircraft Establishment (Gt.Brit.)

THE EFFECT OF FEEDBACK ON THE CHARAC-
TERISTICS OF THE HILLER SYSTEM FOR HELI-
COPTER CONTROL. G. J. Sissingh. March 1951.

21p. diagrs. (RAE Tech. Note Aero 2096)

According to information at hand, the servocontrol
of the "Hiller 360" incorporates a certain amount of

coupling between the flapping motion of the main
blades and the pitch setting of the servo blades. The
effect of this "feedback" on the aerodynamic char-
acteristics of the system is investigated. It is

shown that the coupling results in an apparent change
in the specific damping of the servo rotor. Besides
free oscillations, the following forced oscillations of

the combined system are investigated: (a) effect of

cyclical pitch imposed on the servo blades by the
pilot's control, (b) damping in pitch or roll, and (c)

automatic control application due to oscillations in
pitch.

N-8753*

Aeronautical Research Council (Gt.Brit.)
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THE AIR FLOW UNDER THE TOWING CARRIAGES
IN THE R.A.E. SEAPLANE TANK. K. M.
Tomaszewski, S. Raymond and G. F. Chalmers.
1951. 29p. diagrs., photos., 4 tabs. (ARC CP 38;

ARC 10,010)

Measurements were made of the air flow under the

two carriages in the R.A.E. Seaplane Tank. A
screen or large flap, set at varying attitudes at the

rear of the working section, was used to reduce the
air speed under the carriage to that of the carriage.
Thus investigations on seaplane hull afterbody venti-
lation characteristics and interference between air

flow and water flow could be made with correct air

flow round the model. By adjusting the setting of

this flap, it was possible to obtain a mean air speed
under either carriage the same as the carriage
speed. The flap also served to stabilize the flow.

N-8754*

Aeronautical Research Council (Gt.Brit.)

A THREE-CHANNEL PIEZO-ELECTRIC PRESSURE
RECORDER. P. J. Fletcher. 1951. 12p. diagrs.
(ARC CP 35; ARC 13,082. Formerly NGTE Memo.
M.64)

To speed up operation of a low-speed cascade tunnel,
an apparatus has been constructed to record the
pressures (upstream total head, downstream total
head, and downstream static) needed for "loss co-
efficients." An electrical method of recording has
been chosen and a diaphragm -loaded quartz crystal
is used as the pressure sensitive element. The
signal from the crystal is indicated on a cathode
ray oscilloscope and recorded by a 35-mm. moving
film camera. To record the three pressures con-
currently, they are connected in sequence by a ro-
tary valve to the quartz crystal pick-up, and the
potential produced amplified by long-time constant
circuits.

N-8755*

Aeronautical Research Council (Gt.Brit.)

AN APPROXIMATE METHOD FOR THE ESTIMA-
TION OF THE DESIGN POINT EFFICIENCY OF
AXIAL FLOW TURBINES. D. G. Ainley. 1950.

24p. diagrs. (ARC CP 30; ARC 12,884. Formerly
NGTE Memo. M.59)

A method is outlined for making rapid approximate
estimates of the design point efficiency of conven-
tional axial flow turbines. For a number of tur-
bines, a comparison has been made between the pre-
dicted efficiencies and efficiencies recorded on
test. As a result of this comparison, a final empir-
ical correction to the calculated efficiencies is sug-
gested to give final predictions which should com-
pare favorably with actual values. The analysis
indicates that the turbine stage temperature drop
coefficient and the stage reaction are of major sig-

nificance when considering stage efficiency.

N-8756*

Aeronautical Research Council (Gt.Brit.)

LOW-SPEED WIND TUNNEL INVESTIGATION OF

THE CHANGE IN AERODYNAMIC CENTRE POSI-
TION AND IN Cm DUE TO PROPELLER TURBINE

NACELLES. D. A. Kirby and F. W. Dee. 1951.

38p. diagrs., 5 tabs. (ARC CP 39; ARC 13,185.
Formerly RAE Aero 2356)

Low-speed wind-tunnel tests were made on the ef-

fect of propeller turbine type nacelles on the posi-
tion of the aerodynamic center and pitching moment
at zero lift of a multiengined aircraft. Tests were
made first on a single nacelle on a plain rectangular
wing, then of interference between adjacent nacelles
and finally of interference between body and na-
celles. Results are presented in a form suitable

for predicting the total effect on longitudinal stabil -

ity of the nacelles of a turbine driven multiengined
aircraft.

N-8763*

Royal Aircraft Establishment (Gt.Brit.)

THE MEASUREMENT AND PRESENTATION OF
GAS TURBINE ENGINE SPEEDS AS A PERCENT-
AGE OF MAXIMUM REVOLUTIONS. K. R. Honick.
January 1951. 6p. photos. (RAE Tech. Memo.
IAP 425)

The American percentage revolutions system is

compared with the equivalent British Instruments
and the possible advantages are discussed. The
percentage revolution indicator system offers val-

uable advantages in weight saving, standardization,

installation, dashboard space economy, presenta-
tion and provisioning and its adoption should re-
ceive immediate and serious attention. Any of the

refinements evolved in the stability of hairspring

materials can equally well be applied to the percent-
age type since the principle is unchanged.

N-8769*

Royal Aircraft Establishment (Gt.Brit.)

AN INVESTIGATION INTO THE TEMPERATURES
EXPERIENCED BY WRIST WATCHES WORN IN
VARIOUS CLIMATES. B. Hollaway. March 1951.

4p. diagr. (RAE Tech. Memo. IAP 427)

This investigation shows that the temperature of a

wrist watch will usually lie within a range of about
+ 2°C of the average wrist watch temperature for a

given locality; the difference between average tem-
peratures, for extremes of climate, is only about
6° C. It can be said, in general, that owing to the

considerable stabilizing influence of body tempera-
ture (+36.9° C), wrist watch temperatures will usu-
ally lie between the limits +26° C and +36° C, irre-

spective of locality. Higher temperatures, up to

+43° C, were occasionally met with in heated rooms,
aircraft cockpits, or when exposed to the sun.
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N-8813*

Massachusetts Inst, of Tech.

ATMOSPHERIC OSCILLATIONS AND THE TEM-
PERATURE PROFILE OF THE UPPER ATMOS-
PHERE. Luigi G. Jacchia and Zdenek Kopal. (Final

rept.) February 1951. 39p. diagrs., 9 tabs.

(Massachusetts Inst, of Tech.)

A linearized dynamical theory of the tides is invoked
to account for the observed magnification of the

ground pressure oscillations with periods of 12 and
10-1/2 hours. The fundamental equations of the

problem are set up in the first part of the paper, and
their boundary conditions are discussed for different

assumed types of the atmosphere. In the second
part, numerical and mechanical integration of these

equations is undertaken on the basis of suitable con-
tinuous temperature profiles of the terrestrial at-

mosphere.
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